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(54) Method for carrying out chemical reactions in pseudo-isothermal conditions 



(57) Method for carrying out in continuous, under 
so-called pseudo-Isothermal conditions and in a prede- 
termined reaction environment, such as a catalytic bed, 
a selected .chemical reaction, comprising the steps of 
providing in the reaction environment at least one heat 
exchanger fed with a first flow of a heat exchange oper- 



ating fluid at a respective predetermined inlet tempera- 
ture, the fluid passing through at least one heat ex- 
changer according to a respective inlet/outlet path, 
which method also provides feeding into at least one 
heat exchanger and at one or more intermediate posi- 
tions of said path, a second flow of operating fluid having 
a respective predetermined inlet temperature. 
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Description 

Field of application 

[0001] In its broader aspect, the present invention re- 
lates to a method for carrying out chemical reactions in 
pseudo-isothermal conditions, that is to say under con- 
ditions in which the reaction temperature is controlled in 
a narrow range of values around a predetermined opti- 
mum value. 

[0002] In particular, this invention relates to a method 
of the above mentioned type for controlling the temper- 
ature of catalyzed reactions, based upon the use of heat 
exchangers immersed in the reaction environment, for 
example in a catalytic bed, in which a selected chemical 
reaction takes place. 

[0003] Still more in particular, although not exclusive- 
ly, the present invention relates to a method in which the 
reaction temperature control is obtained by using plate 
exchangers immersed in a catalytic bed and internally 
passed through by a suitable heat exchange operating 
fluid. 

[0004] The present invention also relates to a heat ex- 
changer having a suitable structure for carrying out the 
above-mentioned method. 

Prior Art 

[0005] As known, for exothermal or endothermic 
chemical reactions, such as the synthesis reactions of 
methanol, formaldehyde or styrene, to be satisfactorily 
completed, it is necessary to respectively remove or pro- 
vide heat to the environment in which the reaction is tak- 
ing place, so as to control its temperature in a narrow 
range around a predetermined theoretical value. 
[0006] Likewise, it is known that for the above men- 
tioned purpose, heat exchangers of the most various 
types are widely used, which are immersed in the reac- 
tion environment (usually a catalytic bed) and passed 
through internally by a suitable heat exchange operating 
fluid. 

[0007] The pseudo-isothermal degree of the reaction, 
that is to say the degree of progress or completion of 
the reaction itself, depends on the way such heat ex- 
changers are used, on their functionality, on the effec- 
tiveness with which the heat is provided to or removed 
from the reaction environment (thermal yield). 
[0008] Although advantageous as far as some as- 
pects thereof are concerned, the methods of the prior 
art, used so far to carry out chemical reactions in pseu- 
do-isothermal conditions have a known drawback, 
which in the industry forms a limit to the degree of 
progress or completion of the reaction itself. 
[0009] In fact, the operating fluid which passes 
through a heat exchanger according to a predetermined 
inlet/outlet path, necessarily undergoes a substantial 
temperature variation by exchanging heat with the en- 
vironment (for example a catalytic bed) in which said 



heat exchanger is arranged. 

[0010] To such temperature variation of the operating 
fluid, that is substantially continuous along said path, un- 
avoidably corresponds a continuous decrease of the op- 
5 erating effectiveness of the. heat exchanger. 

[0011] In fact, the heat exchange between the oper- 
ating fluid and the reaction environment is not homoge- 
neous along the walls of the heat exchanger, but tends 
to decrease there, where the temperature difference be- 
10 tween the internal and external fluid decreases. 

[0012] Accordingly, the pseudo-isothermal degree of 
the reaction conditions achieved by the methods and the 
exchangers of the prior art, is characterized by a reac- 
tion temperature, which is controlled in an always rela- 
ys tively wide range of values around the one correspond- 
ing to the isotherm of reference. To this situation is also 
associated a limited degree of completion of the consid- 
ered chemical reaction. 

20 Summary of the invention 

[0013] The technical problem underlying the present 
invention is that of providing a method for carrying out 
chemical reactions in so called pseudo-isothermal con- 
ditions, based upon the use of heat exchangers, which 
are active in the environment in which a predetermined 
reaction is carried out, and adapted to maintain a pre- 
determined constant value of the reaction temperature 
or anyway to control said temperature in a very narrow 
range of values so as to substantially increase the de- 
gree of progress or completion of the reaction with re- 
spect to what has been possible so far with the methods 
of the prior art. 

[001 4] The idea for solving said problem is that of con- 
trolling the temperature of a heat exchange operating 
fluid at the aforesaid predetermined value as it passes 
through the respective heat exchanger. 
[0015] According to such idea, the above indicated 
technical problem is solved according to the invention 
by a method for carrying out in continuous under pseu- 
do-isothermal conditions and in a predetermined reac- 
tion environment, such as a catalytic bed, a selected 
chemical reaction, comprising the steps of providing in 
said reaction environment at least one heat exchanger 
fed with a first flow of a heat exchange operating fluid 
at a predetermined inlet temperature, said operating flu- 
id passing through said at least one heat exchanger ac- 
cording to a respective inlet/outlet path; 
[0016] which method is characterized by: 

feeding into said at least one heat exchanger and 
at one ore more intermediate positions of said path, 
a second flow of operating fluid having a respective 
predetermined inlet temperature; 

[0017] By suitably selecting the inlet temperature of 
the second flow and the number of said intermediate po- 
sitions, wherein a mixing of said second flow with the 
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fluid of said first flow takes place, it is possible to bring 
the temperature. of the operating fluid back to the inlet 
temperature, or- at least- to a temperature very close 
.thereto. Therefore, it is possible to control the tempera- 
ture of the heat exchange operating fluid within a very 
narrow range of values around a predetermined value, 
if not even to maintain the temperature of said fluid sub- 
stantially constant, while passing through the respective 
.exchanger. . 

[0018] Moreover the invention relates to a heat ex- 
changer having structural and functional features adapt- 
ed to carry out the aforesaid method. . . 
[0019] The features and the advantages of a method 
according to the invention will become clearer from the 
following description of an indicative and non-limiting 
example of embodiment thereof,, made with reference 
to the attached drawings. . 



Brief description of the drawings. 
[0020] 



Figure 1 shows schematically an axonometric view 
of a heat exchanger that can be used for carrying 
out the method according to the present invention. 



Figure 2 shows schematically and in enlarged and 
exploded view a detail of the exchanger of figure 1 . 

Figure 3 shows an enlarged view along the line 1 1 Mil 
of the exchanger of figure 1 . 

Figure 4 shows a schematic and perspective view 
of an alternative embodiment of the exchanger of 
- - "figure" 1. 

Figure 5 shows a section view along the line V-V of 
figure 4. 

Detailed description of the drawings 

[0021] With reference to the aforesaid figures, a heat 
exchanger used for carrying out the method of the 
present invention is indicated in its whole with reference 
numeral 1 : 

[0022] Said heat exchanger 1 , which just for schemat- 
ic and simplicity reasons has a flat parallelepiped con- 
figuration; comprises two wide walls 2 and 3, preferably 
made of metallic plates, substantially flat and juxta- 
posed, adjoined in a predetermined spaced relationship 
through perimetric walls 4 of reduced width. 
[0023] Between said walls 2, 3 and 4,' a chamber 5 is 
defined, intended for communicating on one side with a 
source (not shown) of a heat exchange operating fluid, 
through a fluid inlet connector 6, and on the other side 
with a manifold (also not shown) for discharging said flu- 
id, through a fluid outlet connector 7. 
[0024] Through means such as baffles, dividing walls 
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and the like, that are not shown as conventional, a path 
for said operating fluid is defined in said chamber 5. The 
path extends between said connectors 6, 7 and is de- 
signed in such a way that it is in contact with the entire 
opposite walls 2, 3 of said heat exchanger 1 . 
[0025] Two (ormore) identical distributors 8, 9 are fas- 
tened to one of said walls of the heat exchanger 1 , for 
example to the wall.3, and in predetermined intermedi- 
ate positions of said path. Said distributors 8, 9, extend 
in parallel to each other at predetermined distances from 
the fluid inlet and outlet connectors 6 and 7, respectively. 
[0026] The distributors 8 and 9, which are in reciprocal 
spaced relationship, are in fluid communication with 
said chamber 5 of the heat exchanger 1 on one side, 
and with a duct 10 for feeding operating fluid, through 
connectors 11 and 12, respectively, on the other side. 
[0027] In particular, according to a preferred embodi- 
ment (figure 2), each distributor 8, 9 comprises a plural- 
ity of through holes 1 3 formed in said wall 3 and regularly 
arranged in at least a rectilinear alignment, that extends 
longitudinally to the distributor (8, 9) itself and to a cas- 
ing 14. The casing 14 is essentially of channel shape 
that when fixed to the wall 3 to cover said plurality of 
holes 13, forms with it an operating fluid distributing 
chamber 15 as will be clear from the following descrip- 
tion: 

[0028] According to the method of the present inven- 
tion, in order to control the temperature of a chemical 
reaction, for instance the strongly exothermal synthesis . 
of methanol, a plurality of heat exchangers 1 of the 
above described type is suitably arranged in the envh 
ronment where said reaction has to take place in con- 
tinuous, such as in a selected catalytic bed. v 
[0029] Each of said exchanger 1 is connected on one 
side to a source (not shown) of heat exchange operating 
fluid, through the respective fluid inlet connector 6, and 
on the other side to a common discharge manifold (not 
shown), through the respective fluid outlet connector 7. 
[0030] The distributors 8, 9 of each heat exchanger 
are in turn connected to said operating fluid source 
through the duct 10. 
[0031] Once this preliminary step has been carried 
out, the selected chemical reaction can be started. 
[0032] During the reaction, the heat generated or ab- 
4 $ sorbed therefrom is at least partially removed or provid- 
ed to the reaction environment, respectively, through the 
plurality of exchangers 1 . The exchangers 1 put in heat 
exchange relationship said environment with a first flow 
of operating fluid fed into each of said exchangers 
through the respective inlet connectors 6. 
[0033] The flow rate of said first flow, as well as the 
temperature of said operating fluid, are computed in ad- 
vance, in a perse known way, according to the chemical 
and kinetic characteristics of the specific reaction, taking 
into account that the heat exchange "yield" (and hence 
the reaction progress degree) is also, a function of the 
difference of temperature existing between the reaction 
environment and the operating fluid. 
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[0034] At the area of said exchangers 1, which are 
closer to the respective inlet connectors 6, where said 
temperature difference is at its maximum, we can find 
the maximum heat exchange yield. However, just be- 
cause of said heat exchange, the temperature of the op- 
erating fluid varies as it flows away from the inlet con- 
nectors, in its path through the exchangers, thus tending 
to match up the temperature of the reaction environ- 
ment. 

[0035] In order to avoid that, due to the above varia- 
tion, the temperature of the operating fluid "falls out" 
from a predetermined range of values, which is desira- 
bly narrow around a value computed in advance, ac- 
cording to the present invention a second flow of oper- 
ating fluid is fed into each exchanger, through the feed- 
ing duct 1 0 and the plurality of distributors 8, 9, respec- 
tively. 

[0036] Of course, the fluid temperature of this second 
flow is selected in such a way that, when mixing the two 
flows inside the exchangers at the position of the dis- 
tributors, the same will be as close as possible to the 
inlet temperature of the first flow. 
[0037] With the method of the present invention, with 
a suitable selection of the temperature of the second 
flow and of the number and position of the distributors 
8, 9 in each exchanger, it is thus possible to control the 
temperature of the heat exchange operating fluid within 
a predetermined range of values during its the path 
through a heat exchanger. 

[0038] Given the tight correlation between the tem- 
perature of the reaction environment and that of the heat 
exchange fluid, which operates in such environment, it 
is likewise possible to control the temperature of the re- 
action environment, which substantially corresponds to 
the temperature of reaction. 

[0039] A further advantage resulting from the present 
invention is provided by the possibility of controlling the 
heat exchange coefficient between the operating fluid 
flowing in a heat exchanger and a reaction fluid flowing 
in the reaction environment. 

[0040] In fact, by feeding the operating fluid into the 
heat exchanger through a plurality of separated flows, 
it is possible to vary in an independent way the flow rate 
and velocity of such flows and thus to suitably control 
the flow rate and velocity of the operating fluid inside the 
heat exchanger. 

[0041] As these parameters directly influence the 
heat exchange coefficient, that is to say: the higher is 
the flow rate and velocity of the operating fluid, the high- 
er is the heat exchange coefficient, and vice versa, 
thanks to the present invention it is thus possible to ob- 
tain the desired heat exchange along the entire heat ex- 
changer, thus being able to control optimally the 
progress of the chemical reaction. 
[0042] With reference to figure 4 and according to a 
preferred and., advantageous embodiment of the heat 
exchanger of the present invention, the feeding duct of 
the second flow of operating fluid is defined by the struc- 



ture itself of the heat exchanger. 
[0043] In particular, the heat exchanger 20 comprises 
two metallic plates 21 , 22 of reduced thickness so as to 
be capable of being deformed plastically, mutually ad- 
5 joined in substantial juxtaposition by means of a peri- 
metric weld 23. 

[0044] The weld 23 is carried out already taking into 
account, at opposite sides 20a, 20b of said plates, of the 
presence of inlet and outlet connectors 24 and 25 for an 

10 operating fluid, respectively. 

[0045] Said plates 21 22 are further connected with 
each other by means of a substantially L-shaped weld- 
ing line 27, extending parallel to a side 20c of the heat 
exchanger 20, without fluid inlet or outlet connectors, 

15 and at a reduced distance therefrom. On the side 20a 
of the heat exchanger 20, and at said weld 27, a third 
connector 28 is provided, for the inlet of a second flow 
of operating fluid, as it will become clearer from the fol- 
lowing description. 

20 [0046] Through elastic deformation of said plates 21 , 
22, obtained for example by blowing a pressurized gas 
between them, a chamber 26 intended to be passed 
through by a heat exchange operating fluid as well as a 
duct 29 for feeding said second flow of operating fluid 

25 are formed. Said duct 29 extends in the area comprised 
between said L welding line 27 and the side 20c of the 
heat exchanger itself. 

[0047] It shall be noted that the feeding duct 29, 
formed between the walls 21 , 22 of the exchanger 20 is 
30 completely separated from the chamber 26 through the 
same welding 27 that also guarantees the liquid-tight 
sealing. 

[0048] Onto a plate, for example the plate 22 of the 
heat exchanger 20, two or more distributors 30, 31 are 

35 fastened, that are structurally and functionally similar to 
the distributors above described with reference to the 
figures 1-3. These distributors 31, 30 are in fluid com- 
munication both with the chamber 26, through a plurality 
of holes 32 formed in the corresponding plate, and with 

40 the feeding duct 29, through respective openings 33 
provided in suitable positions of the duct 29. 
[0049] The so conceived invention is subject to vari- 
ations and changes, all falling within the scope of pro- 
tection defined by the following claims, 

45 [0050] For example, according to a not shown alter- 
native embodiment of the present invention, the distrib- 
utors 8-9 and 30-31 can be fixed symmetrically to both 
walls 2, 3, and 21 , 22, respectively, of the heat exchang- 
er. 

50 [0051] In this way, during the feeding of the operating 
fluid of the second flow into the heat exchanger, its pres- 
sure drop is decreased. This allows to operate with a 
lower feeding velocity of the second flow with respect to 
the above described example, and thus to make its inlet 

55 into the heat exchanger easier. Further on, such de- 
crease of the pressure drop advantageously implies a 
lower overall pressure drop of the heat exchanger. 
[0052] A further advantage resulting from this embod- 
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iment is given by the fact that it is possible to decrease 
the thickness of the distributors. This promotes a homo- 
' geneous settlement of the catalyst possibly present in 
the .reaction environment in which the heat exchanger 
is arranged, and facilitates the loading and discharging 5 
operations of the same in and from the reaction environ- 
ment.^- . - ; 



6. Heat exchanger according to claim 2, character- 
ized in that said feeding duct (29) is formed be- 
tween said large walls (21, 22), separated in a liq- 
uid-tight way from said chamber (26) and is- in fluid 
communication with said at least one distributor (30, 
31) through at least a through hole (33), formed in 
the feeding duct (29). 



Claims 10 

1 . ; Method- for carrying out In. continuous, under so- 
called pseudo-ispthermai^conditions and in a pre- 
determined reaction environment, such as a cata- 
lytic bed, a selected chemical reaction, comprising 15 
the s.teps of providing in said reaction environment 

■ at least one heat. exchanger fed with a first flow of 
a heat exchange operating fluid at a respective pre- 
determined inlet temperature,.: said fluid passing 
through said at least one heat exchanger according 20 
to.a resjDectiveJnlet/outiet path-which method, is 
characterized by feeding into said at least one heat 
exchanger and at one or more intermediate posi- . 
tions of said path, a second flow of operating fluid 
having a respective predetermined inlet tempera- 25 

.Hire': . .. . . - 

2. Heat exchanger for the method according to claim 
1 , comprising two wide walls (2, 3; 21 , 22), a cham- 
ber (5, 26) defined between said walls (2, 3;21 , 22) 30 
and intended for being passed through by a heat 
exchange operating fluid, a fluid inlet connector (6, 

24) and a fluid outlet connector.(7, 25) in and from 
said chamber (5, 26) respectively, at least a distrib- 

utor(8,9;30, 31) of operating fluid, fixed to at least 35 

one of said walls. (2, 3; 21, 22) at a predetermined 
distance from said connectors (6, 7; 24, 25) and in 
fluid communication with said chamber (5, 26), at 
least a duct (10, 28-29) for feeding said operating 
. fluid, in communication with said at least one dis- 40 
tributor (8, 9; 30, 31). 

3. Heat exchanger according to claim 2, character- 
ized in that said distributor (8, 9; 30, 31) comprises 

a plurality of through holes (13, 32) formed in said 45 
wall (3, 22) and acasing (14), fixed externally to said 
wall (3, 22) to cover said holes (13, 32) and defining 
with it a fluid distribution chamber (15). 

4. Heat exchanger according to claim 3, character- so 
ized in that said through holes (13, 32) are ar- 
ranged according to at least a rectilinear alignment 

5. Heat exchanger according to claim 2, character- 
ized in that said feeding duct (1 0) is associated ex- ss 
ternaliy to said exchanger (1 ) and is in fluid commu- 
nication with said at least one distributor (8, 9) 
through a respective connector (11 , 12). 
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Fig. 2 
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